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	 The	third	and	final	objective	was	to	improve	correlation	techniques	between	
collected	MWIR	thermal	data	and	the	measured	tensile	strength	of	the	built	parts.	
Previously	used	correlations	techniques	(post-sintering	temperature)	were	very	poor	and	
do	not	allow	for	accurate	predictions	of	tensile	strength	based	on	input	temperature	data.	
In	order	to	accomplish	this,	two	new	methods	were	used	to	correlate	thermal	data	with	
measured	mechanical	strengths	from	the	CFR	PEEK	tensile	bar	builds	(Absolute	minimum	
post-sintering	temperature	and	the	minimum	average	post-sintering	temperature).	𝑅!	
values	were	used	as	a	quantitative	means	of	comparison	for	the	different	methods.	Table	4	
below	summarizes	the	three	methods	and	their	results	when	analyzing	build	4.	Build	4	is	
chosen	as	the	final	means	of	comparison	as	it	was	the	build	with	the	best	parameters	for	
building	in	CFR	PEEK.	
	
Table	4.	Comparison	of	𝑹𝟐	values	for	different	analysis	methods	
Analysis	Method	 R-Squared	Value	
Average	Post-Sintering	Temperature	 0.2921	
Absolute	Minimum	Sintering	Temperature	 0.4088	
Minimum	Average	Sintering	Temperature	 0.5344	
	
	
	 For	modeling	and	predicting	output	tensile	strength,	the	minimum	average	post-
sintering	temperature	gave	the	highest	𝑅!	value	for	build	4	of	.5344.	Additionally,	this	is	
supported	by	this	same	method	giving	the	highest	correlation	values	for	builds	2	and	3	as	
well.	It	can	be	seen	that	this	minimum	average	post-sintering	temperature	gives	a	
significantly	higher	correlation	than	other	methods	and	begins	to	describe	a	large	amount	
of	the	variation	in	the	data.	With	this	quantitative	support,	it	is	concluded	that	the	
minimum	average	post-sintering	temperature	improves	upon	previous	correlation	
techniques	and	should	be	utilized	in	future	analysis	when	trying	to	predict	the	tensile	
strength	of	a	part	built	via	SLS.	
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Section	7.2	Future	Work	
	 Several	tasks	can	be	identified	to	move	forward	with	stemming	from	the	tasks	and	
conclusions	of	this	thesis.	The	standardized	process	for	developing	parameters	in	Selective	
Laser	Sintering	should	be	tested	with	other	novel	materials.	Through	multiple	trials	the	
process	can	be	further	refined	and	adapted	to	meet	any	additional	needs	of	even	more	
unique	materials	than	CFR	PEEK.	Furthermore,	a	second	build	matrix	should	be	
constructed	for	CFR	PEEK	utilizing	even	higher	laser	powers	than	used	in	this	thesis.	The	
limitations	of	the	laser	and	optical	system	prevented	the	use	of	higher	laser	powers.	On	the	
other	hand,	the	laser	fluence,	or	total	energy	input	to	the	parts,	could	be	increased	by	
means	other	than	increasing	laser	power.	A	decrease	in	scan	speed	could	increase	the	total	
laser	fluence	put	into	the	part,	leading	to	the	deposition	of	more	energy	and	potentially	
better	parts.	
	 The	final	task	for	future	work	is	the	further	exploration	of	correlation	measures	for	
thermal	data	to	output	mechanical	strengths.	Utilizing	the	minimum	average	post-sintering	
temperatures	will	enhance	prediction	capabilities	but	there	is	still	further	progress	to	be	
made.	Understanding	and	modeling	the	remaining	variation	and	attaining	much	higher	𝑅!	
values	is	vital	to	accurately	predicting	tensile	strengths	based	off	of	collected	thermal	data.	
This	improvement	will	ultimately	lead	to	the	ability	to	create	production	quality	parts	with	
consistently	predictable	tensile	strengths	necessary	for	detailed	mechanical	design.	
	
	
	
	
	
	
	
	
	40	
Bibliography	
Beaman	Jr.,	J.	J.,	&	Deckard,	C.	(1990).	Patent	No.	4,938,816.		
Booth,	R.	B.	(2013).	HP3-CF(10)	MSDS.	MSDS,	Advanced	Laser	Materials.	
Chen,	P.,	Tang,	M.,	Zhu,	L.,	Wen,	S.,	Yan,	C.,	Ji,	Z.,	et	al.	(2018).	Systematical	mechanism	of	
	 Polyamide-12	aging	and	its	microstructural	evolution	during	laser	sintering.	
	 Polymer	Testing	,	370-379.	
Drechsler,	K.,	Heine,	M.,	Medina,	L.,	&	Mitschang,	P.	(2016).	Carbon	Fiber	Reinforced	
	 Polymers.		
Edmund	Optics	Inc.	(2018).	EO-1312M	½"	CMOS	Monochrome	USB	Camera.	Retrieved	
	 August	6,	2018,	from	Edmund	Optics:	
	 https://www.edmundoptics.com/cameras/usb-cameras/eo-usb-2-0-cmosmachine-
	 vision-cameras/59365/	
FLIR.	(2018).	FLIR	A6700sc	MWIR	Datasheet.	Retrieved	August	8,	2018,	from	FLIR	Research	
	 &	Science:	http://www.flir.com/science/display/?id=67022	
FLIR	Systems,	I.	(2013).	SC8240	User's	Manual.	Nashua,	NH:	FLIR	Systems,	Inc.	
Joven,	R.	(2012).	Thermal	properties	of	carbon	fiber/epoxy	composites	with	different	
	 fabric	weaves.	
nanoScience	Instruments.	(2018).	Scanning	Electron	Microscopy.	Retrieved	August	4,	2018,	
	 from	nanoScience	Instruments:	
	 https://www.nanoscience.com/techniques/scanning-electron-microscopy/	
Palermo,	E.	(2013,	August	13).	What	is	Selective	Laser	Sintering?	Retrieved	August	16,	2018,	
	 from	LiveScience:	https://www.livescience.com/38862-selective-laser-
	 sintering.html	
Polymer	Science	Learning	Center.	(2018).	Differential	Scanning	Calorimetry.	Retrieved	
	 August	2,	2018,	from	Polymer	Science	Learning	Center:	
	 http://pslc.ws/macrog/dsc.htm	
Rock	West	Composites.	(2018).	Carbon	Reinforced	PEEK.	Retrieved	August	10,	2018,	from	R
	 ock	West	Composites:	https://www.rockwestcomposites.com/plates-panels-
	 angles/carbon-fiber-plate/cf-peek	
	41	
Schmid,	M.,	Amado,	A.,	&	Wegener,	K.	(2016).	Polymer	powders	for	selective	laser	sintering	
	 (SLS).	AIP	Conference	Proceedings.	American	Institute	of	Physics.	
Skirbutis,	G.,	Dzingute,	A.,	Masiliunaite,	V.,	Sulcaite,	G.,	&	Zilinskas,	J.	(2017).	A	review	of	
	 PEEK	polymer's	properties	and	its	use	in	prosthodontics.	Baltic	Dental	and	
	 Maxillofacial	Journal	,	19-23.	
Spears,	T.	G.,	&	Gold,	S.	A.	(2016).	In-process	sensing	in	selective	laser	melting	(SLM)	
	 additive	manufacturing.	Integrating	Materials	and	Manufacturing	Innovation	.	
Stone,	B.,	Scibilia,	B.,	Pammer,	C.,	Steele,	C.,	&	Keller,	D.	(2013).	Regression	Analysis:	How	Do	
	 I	Interpret	R-squared	and	Assess	the	Goodness-of-Fit?	Retrieved	August	2,	2018,	from	
	 The	Minitab	Blog:	http://blog.minitab.com/blog/adventures-in-statistics-
	 2/regression-analysis-how-do-i-interpret-r-squared-and-assess-the-goodness-of-fit	
Wroe,	W.	W.,	Gladstone,	J.,	Phillips,	T.,	Fish,	S.,	Beaman,	J.,	&	McElroy,	A.	(2016).	In-situ	
	 thermal	image	correlation	with	mechanical	properties	of	nylon-12	in	SLS.	Rapid	
	 Prototyping	Journal	,	794-800.	
	
	
	
	
	
	
